SYNOPSIS The urinary excretion of three oral preparations of penicillin G was measured in six subjects. After a dose of 500 mg of potassium penicillin G the mean urine level was 597 Ug/ml in the first of three two-hour periods, 324 jug/ml in the second, and 40 ,ug/ml between the fourth and sixth hours. Of the dose, Welch, 1955) .
J. HULBERT From the Department of Bacteriology, University of Dundee SYNOPSIS The urinary excretion of three oral preparations of penicillin G was measured in six subjects. After a dose of 500 mg of potassium penicillin G the mean urine level was 597 Ug/ml in the first of three two-hour periods, 324 jug/ml in the second, and 40 ,ug/ml between the fourth and sixth hours. Of the dose, 13-4 % was excreted in the urine in 24 hours. Differences among the three preparations were not significant therapeutically.
Most Gram-negative urinary pathogens are sensitive to 5-50 ,g of penicillin G per ml.
There is a rational basis for the use of oral penicillin G to treat urinary infection due to Gramnegative bacilli.
About 15 % of an oral dose of penicillin G is absorbed, and about 80% of this is excreted in the urine. Individual variability in the amount absorbed is considerable, but this can be greatly reduced by taking the drug half an hour before meals. Acid protective agents do not improve absorption (Finland, Meads, and Ory, 1945; Mcdermott, Bunn, Benoit, DuBois, and Reynolds, 1946; Wright, Kirschbaum, Arret, Putnam, and Welch, 1955) .
In a careful search of the literature only one paper could be found in which measured concentrations of penicillin in urine after oral therapy were recorded. Peeney (1947) Most strains of Escherichia coli are sensitive to 12-5-50 ,tg of penicillin G per ml (Rolinson and Stevens, 1961; Sutherland, 1964; Garrod and O'Grady, 1968) , and most strains of Proteus mirabilis are sensitive to 5-10 ,tg/ml (Barber and Waterworth, 1964) .
The position of nitrofurantoin, nalidixic acid, and cycloserine (none of which achieves bacteristatic levels in the serum) as established urinary antibiotics (Carroll, 1963; Stamey, Govan, and Palmer, 1965; Murdoch, Speirs, Geddes, Wright, and Received for publication 20 May 1971. Wallace, 1968) suggests that oral penicillin G, which is cheap and not toxic, may be a useful urinary antibiotic if it is confirmed that adequate urine levels are attained.
Materials and Methods

SUBJECTS AND PENICILLINS
Six healthy subjects (aged 17-28 years) took part in the experiment. Each drug was taken about 30 min before breakfast after the bladder had been emptied. There were no restrictions on fluid intake. At least one day elapsed before the experiment was repeated by each subject with another drug. (Cruickshank, 1965) , the indicatoi organism being the Oxford (Heatley) strain of Staphylococcus aureus. The range of penicillin concentrations detectable in the serum was 0 02-10 24 ,ug/ml and in the urine, which was diluted 100-fold initially, it was 2-2,048 jxg/ml.
Results Table I records the results of the experiment.
Differences of up to eight fold in the concentration of penicillin in the urine between subjects were observed and this may be related in part to the x olume of urine excreted. After taking potassium penicillin G the urine levels were remarkably consistent at 512 ,ug/ml in the first two hours and were well maintained up to the fourth hour, falling away rapidly thereafter. Serum levels of penicillin were about 1,000 times less than the urine levels. Because of the different amounts of penicillin in the various preparations mean levels from the six subjects were calculated and adjusted to a dose of 500 mg of penicillin (Table 1l ). Potassium penicillin gave the highest initial level, falling off fastest, wheteas penamicillin and sustained action penicillin gave lower levels which were better maintained after four hours. 
Discussion
The concentration of penicillin attainable in the urine following the oral administration of penicillin is clearly in excess of the mean inhibitory concentration of most urinary pathogens. After a dose of 500 mg of penicillin by mouth it is probable that the concentration of penicillin in the ureteric urine exceeds 50 ,g/ml for at least four hours with peak concentrations of over 1,000 ,tg/ml, and if bladder voiding and administration of the antibiotic were synchronized a concentration of penicillin in excess of 150 ,ug/ml in the bladder could be maintained for six hours or more. The differences between the three preparations of penicillin tested were not significant therapeutically, but Crystapen G was the most costeffective.
The relative importance of serum and urine levels of antibiotic in the treatment of pyelonephritis is the subject of debate (Stamey et al, 1965; Cockett, Roberts, and Moore, 1966) . In an effort to resolve this Stamey has presented data on 15 patients who were investigated in detail and were treated with oral penicillin or nitrofurantoin. Seven patients had radiological abnormalities, and all had over 105 bacteria per ml of urine that had been collected either by suprapubic bladder puncture (seven cases) or from the ureter at cystoscopy (eight cases). Four patients were given penicillin G 250 mg six houily, eight had penicillin V 250 mg six houi ly, and three were treated with nitrofuiantoin 100 mg six houily. While none could have had serum levels in excess of the mean inhibitory concentration of the infecting organism, all but two were cured. Of 
